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Abstract Cytology of the tribe Trollieae and of the tribe Cimicifugeae in the Ranunculaceae was 
comparatively investigated. Caltha palustris L. is found to represent a polyploid series with 2n = 32 
(4x), 48 (6x) and 64 (8x) in NW Yunnan, with the tetraploid cytotype being commoner and 
showing obvious karyotypic variation among the populations. The chromosomes of Caltha, Calath- 
odes, Megaleranthis and Trollius are basically similar in size among the genera, all medium-sized 
and belonging to the R-type. The close affinity of Calathodes, Megaleranthis and Trollius is sup- 
ported by both cytological and palynological evidence. The karyotypes of Beesia, Anemonopsis , 
Souliea, Cimicifuga and Actaea are very similar among the genera but remarkably different from 
those of Caltha, Calathodes, Megaleranthis and Trollius with respect to the chromosome size and 
chromosome morphology. From cytological data it is clear that Beesia has closer affinity with Anemo- 
порвіз, Souliea , Cimicifuga and Actaea than with Caltha, Calathodes , Megaleranthis and Trolli- 
us, and therefore may find its better position in the tribe Cimicifugeae. 

Key words Calathodes Hook. f. et Thoms. ; Beesia Balf. f et W. W. Smith; Trollieae Langlet; 
Cimicifugeae Torr. et Gray; Ranunculaceae; Chromosome; Systematic position 


1 Introduction 


The tribe Trollieae Langlet of the subfamily Helleboroideae in the Ranunculaceae includes four 
genera: Caltha, Calathodes, Trollius and Megaleranthis , and the tribe Cimicifugeae Torr. et Gray 
in the same subfamily includes five genera: Beesia , Souliea , Anemonopsis, Cimicifuga and Actaea 
(Wang, 1979). [n a very recent classification of the Ranunculaceae, Tamura (1990, 1995) placed 
Caltha, Calathodes, Trollius and Megaleranthis in the subtribe Calthinae Benth. of the tribe Hel- 
leboreae, Helleboroideae, while Beesia in the subtribe Beesiinae Tamura, and Anemonopsis , Sou- 
liea, Cimicifuga and Actaea in the tribe Cimicifugeae. Tt is clear that Wang’ s viewpoint on the sys- 
tematic position of the genus Beesia is different from Tamura's. As emphasized by Tamura (1995), 
karyological characters are of the utmost importance in the phylogenetic classification of the Ranun- 
culaceae. Although the chromosome number and karyotypes of all the above genera have been re- 
ported (e. в. Kurita, 1957, 1965; Kawano et al., 1966; Hasegawa, 1969; Emura, 1970a, 
1970b; Hasegawa & Feng, 1991; Yang, 1995, 1998, 1999a, 1999b), the data are quite scat- 
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tered in literature. In order to get an exact and whole picture of the karyological characters of the 
above genera and thereby have a better understanding of their relationships, it is important to make 
a cytological observation on these genera using same methods. In this paper, all the above genera 
but Megaleranthis , a monotypic genus endemic to southern Korea, and Anemonopsis, a monotypic 


genus endemic to Japan, are cytologically investigated . 
2 Material and Methods 


All the plants studied were collected in the field from Yunnan, Gansu and Qinghai of China 
(Table 1). They were cultivated in pots іп the experimental garden of Kunming Institute of Botany, 
the Chinese Academy of Sciences, before their root tips were harvested for the cytological study. Ac- 
tively growing root tips were pretreated in 0. 1% colchicine at about 20°C for three hr before they 
were fixed in Camoy 1 (glacial acetic acid: absolute ethanol = 1:3) at 4% for 30 min, then they 
were macerated in 1:1 mixture of 1 mol/L hydrochloric acid and 45% acetic acid at 60% for two 
min, and stained and squashed in 1% aceto-orcein. 

Karyotype formulas were based on the measurements of somatic chromosomes. The symbols 
used to describe the karyotypes followed Levan et al . (1964) . 

The voucher specimens were deposited in the Herbarium of Institute of Botany, the Chinese 
Academy of Sciences (РЕ). 


3 Results 


3.1 Caltha L. 

Caltha is a small genus of about 12 species in the world (Tamura, 1995). Four species have 
been recorded in this genus from China (Wang, 1979). One species, C. palustris L. was here ex- 
amined. 

Caltha palustris with several varieties is very widely distributed in the northern hemisphere and 
shows great morphological variation (Smit, 1973; Tamura, 1995). Its chromosome number has 
been reported in various countries (Leoncini, 1951, 1952; Maugini, 1953, 1957; Reese, 1954; 
Weislo, 1967; Malik & Mary, 1970; Kootin-Sanwu & Woodell, 1969, 1970; Nishikawa, 1983, 
1987; Chrtková & Jarolimová, 1999) . Polyploid series (2n = 32, 48, 56, 64, 88), aneuploidy as 
well as the occurrence of B chromosomes were reported for various populations. The Chinese materi- 
al, however, has never been cytologically investigated . 

'Twelve populations were examined (Table 1). Fight were found to be tetraploids with 2n = 4x 
= 32 (Figs. 1-10, all the results are not shown), one hexaploid with 2n = 6x = 48 (Figs. 11 ~ 
12), and three octoploids with 2n = 8x = 64 (Figs. 13 ~ 14, only the result of the Wutoudi popula- 
tion from Lijiang, Q. E. Yang & Н. Z. Kong 98-471, is shown). Neither aneuploidy nor B chro- 
mosomes have been observed іп all these populations. 

The karyotypes of the tetraploid cytotype showed obvious variation among populations. The 32 
chromosomes in the Tieciliang population from Tewo, Gansu could be quite well arranged into 8 
groups of 4 homologues (Fig. 6). The karyotype consisted of 20 median-centromeric (m), 8 sub- 
median-centromeric (sm) and 4 subterminal-centromeric (st) chromosomes and was formulated as 
2n = 20m + 8sm + 4st. Those in the two Dali populations (Fig. 7, only the result of the Huadianba 
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Table 1 Chromosome counts and source of material studied 








Taxon Provenance Voucher 2n 






































Tieciliang, Tewo, Gansu Н. Z. Kong 98-79 32 
Huadianba, Cangshan Mt., Dali , Yunnan Q. E. Yang 94-01 32 
Xiaohuadianba, Cangshan Mt., Dali, Yunnan Q. E. Yang 94-18 32 
Pantiange, Weixi, Yunnan Q. T. Zhang 94-05 32 
Kangpu, Weixi, Yunnan Q. E. Yang & H. Z. Kong 98-438 32 
Caltha palustris Kena, Weixi, Yunnan Q. E. Yang & H. Z. Kong 98-186 32 
NPT Napahai, Zhongdian, Yunnan X. Gong 92-26 32 
Tuguancun, Zhongdian, Yunnan 9. E. Yang & Н. 7. Kong 98-540 48 
Wenhai, Yulongshan Mt., Lijiang, Yunnan 9. Е. Yang & Н. 7. Kong 98-503 32 
Wutoudi, Yulongshan Mt., Lijiang, Yunnan Q. E. Yang & H. Z. Kong 98471 
Yuhu, Yulongshan Mt., Lijiang, Yunnan Q. E. Yang & Н. Z. Kong 98-464 64 
Baimangxueshan Mt. , Deqen, Yunnan Q. Е. Yang 94-81 
Calathodes oxycarpa Ниайіапа, Cangshan Mt., Dali, Yunnan 0. E. Yang 025 16 
Trollius yunnanensis Yulongshan Mi. , Lijiang, Yunnan X. Gong 92-13 16 
Т. farreri Yakou, Datong, Qinghai Q. E. Yang 95-32 16 
T. ranunculoides Qiajin, Xunhua, Qinghai Q. E. Yang 95-14 16 
Tieciliang, Tewo, Gansu H. Z. Kong 98-76 16 
Д apie Kangpu, Weixi, Yunnan Q. E. Yang & Н. Z. Kong 98-451 16 
кешеш Bisanggu, Zhongdian, Yunnan Q. E. Yang & H. Z. Kong 98-220 16 
Tianci, Zhongdian, Yunnan Q. E. Yang & Н. Z. Kong 98-132 16 
Tieciliang, Tewo, Gansu H. Z. Kong 98-75 16 
Xianrendong, Zhonglian, Yunnan Q. E. Yang & H. Z. Kong 98-111 16 
Souliea vaginata Hongshan, Zhongdian, Yunnan Q. E. Yang & H. Z. Kong 98-332 16 
Baimangxueshan Mt., Degen, Yunnan 0. К. Yang & Н. 7. Kong 98-386 16 
Wutoudi, Yulongshan Mt., Lijiang, Yunnan Q. E. Yang & H. Z. Kong 98-476 16 
Cimicifuga yunnanensis — Baimangxueshan Mt., Degen, Yunnan 0. E. Yang & Н. Z. Kong 98-408 16 
Actaea asiatica Xianrendong, Zhongdian, Yunnan Q. E. Yang & Н. 7. Kong 98-230 16 





population, Q. E. Yang 94-01, is shown) and the three Weixi populations (Fig. 8, only the result 
of the Pantiange population, Q. T. Zhang 94-05, is shown) could be roughly arranged into 8 
groups of 4 homologues but there existed obvious heteromorphy between the two pairs of homologues 
in the fifth and seventh groups. The karyotypes of the two Dali populations were formulated as 2n = 
18m + 6sm + 8st and those of the three Weixi populations as 2n = 16m + 8sm + 8st respectively, The 
karyotype of the Napahai population from Zhongdian (Fig. 9) and that of the Wenhai population 
from Lijiang (Fig. 10) were very similar to each other and both characterized by having more st or 
t chromosomes and quite obvious heteromorphy between the two pairs of homologues in the eighth 
group. The karyotype of the former was formulated as 2n = 8m + бет + 14st + 4t and that of the lat- 
ter as 2n = бт + 4sm + 22st, respectively. 

Most of the chromosomes of the hexaploid population could be arranged into groups of 6 homo- 
logues except for the last two groups (Fig. 12). The karyotype was formulated as 2n = 31m + 11sm 
* 6st. 

The chromosomes of the octoploid population could be arranged into groups of 8 homologues ex- 
cept for the last three groups (Fig. 14) . The karyotype was formulated as 2n = 40m + 22st + 2t. 
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Figs.1~5 Photomicrographs of metaphase chromosomes in five populations of Caltha palustris 1. Tieciliang population from Tewo, 

S Gansu (Н. 7. Kong 98-79); 2. Huadianba population from Dali, NW Yunnan (0. E. Yang 94-01); 3. Pantiange population 

бот Weixi, NW Yunnan (Q. T. Zhang 94-05) ; 4. Napahai population from Zhongdian, NW Yunnan (X. Gong 92-26); 5. Wenhai 
population from Lijiang, NW Yunnan (Q. E. Yang & Н. 2. Kong 98-503) (all x 1940). 
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Figs. 11 ~ 12 Photomicrograph of metaphase chromosomes (Fig. 11) and karyotype (Fig. 12) of the Tuguancun population of Caltha 
palustris from Zhongdian, NW Yunnan (Q. E. Yang & Н. 7. Kong 98-540) (all x 1940). 

It should be noted that although these populations show so great variation in the chromosome 
number and karyotype, gross-morphologically they can not be distinctly differentiated from each oth- 
er. 

3.2 Calathodes Hook. f. et Thoms. 

Calathodes is a small genus of four species (Wang, 1979; Wang, 2000). One species, С. 
oxycarpa Sprague, was examined. The chromosomes were counted to be 2n = 16, consisting of 8 sm 
and 8 st ones (Figs. 15, 19). A pair of small satellites was observed on the short arms of the sixth 
chromosome pair. The karyotype was formulated as 2n = 8sm + 8st(2sat). The chromosomes were 
medium-sized, very similar in size to those of Caltha , Megaleranthis (Lee & Yeau, 1985) and 
Trollius (see below) and should be categorized as the Ranunculus-type ( R-type) , rather than the 
Thalictrum-type (T-type) as suggested by Zhang (1982). 

3.3 Trollius L. 

Trollius is a genus of 31 species in the world (Tamura, 1995). Sixteen species have been 
recorded in China (Wang, 1979). Three species, T. yunnanensis (Franch. ) Ulbr., T. farreri 
Stapf and T. ranunculoides Hemsl. , were examined here. Their chromosomes were all counted to 


be 2n = 2x = 16 (Figs. 16 ~ 18). Their karyotypes are also basically similar to each other, only 
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Figs. 13 ~ 14 Photomicrograph of metaphase chromosomes (Fig. 13) and karyotype (Fig. 14) of the Wutoudi population of 
Сайа palustris from Lijiang. NW Yunnan (Q. E. Yang & Н. Z. Kong 98-471) (all x 1940). 


(Figs.20 ~ 22). On the short arms of the sixth chro- 


mosome pair in T. farreri, a pair of medium-sized satellites was observed (Fig. 21). The karyo- 





with some minor differences among the spec 


type of both T. yunnanensis and Т. ranunuculoides was formulated as 2n = 4m + 4sm + 8st, and 
that of T. /штегі ав 2n = 4m + 4sm + 8st (2sat), respectively. 
3.4 Beesia Balf., f. et W.W. Snith 

Beesia is a small genus of two species (Hsiao, 1979). Both of them, В. calthifolia ( Max- 
im.) Ulbr. and B. deltophylla C. Y. Wu ех Hsiao, are distributed in China. The latter is a dip- 
loid with 2n = 16 (Yang, 1995) and the former is of both diploid and tetraploid cytotypes (Yang, 
19993). The four populations of B. calthifolia examined here (Table 1, only the result of the 
Tianci population from Zhongdian, Q. E. Yang & H. Z. Kong 98-132, is shown) were all found to 
be diploids with 2n = 16, consisting of 10 m, 2 sm, 2 st and 2 t chromosomes (Figs 23, 27). A 
pair of large satellites was observed on the short arms of the second and the third chromosome pairs, 
and a small satellite on the short arm of the 15th chromosome. The karyotype was formulated as 2n 
= 10m(4sat) + 2sm + 2st + 2t( lsat) . 
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Figs.15~22 Photomicrographs of metaphase chromosomes (Figs. 15 ~ 18) and karyotypes (Figs. 19 ~ 22) in one species of 
Calathodes and three species of Trollius 15, 19. C. oxycarpa; 16, 20. Т. yunnanensis; 17, 21. T. farreri; 18, 22. 
T. ranunculoides (all x 1940). 
3.5 Ѕошіеа Franch. 
Souliea is a monotypic genus with the only species S. vaginata (Maxim. ) Franch. (Hsiao, 
1979). 
The chromosomes of the five populations examined (Table 1, only the result of the Wutoudi 
population from Lijiang, Q. E. Yang & H. Z. Kong 98-476, is shown) were all counted to be 2n 
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Figs.23~26 Photomicrographs of metaphase chromosomes in Beesia calthifolia (Q. E. Yang & H. Z. Kong 98-132) 
(Fig. 23), Souliea waginata (Q. E. Yang & Н. Z. Kong 98-476) (Fig. 24), Cimicifuga yunnanensis (Fig. 25) and 


Actaea asiatica (Fig. 26) (all x 1940). 
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Figs.27~30  Karotypes in Beesia calthifolia (Q. E. Yang & H. Z. Kong 98-132, Fig.27), Souliea vaginata (Q. E. Yang & 
H. Z. Kong 98-476, Fig. 28), Cimicifuga yunnanensis (Fig. 29) and Actaea asiatica. (Fig. 30) (all x 1940). 
= 2x = 16 (Fig. 24), confirming the previous report on material from W Sichuan by Hasegawa and 
Feng (1991). The karyotype consisted of 10m, 2sm, 2st and 2t chromosomes (Fig. 28). A pair of 
large satellites was observed on the short arms of the third chromosome pair, and a small satellite on 
the short arm of the 15" chromosome. On the long arms of the seventh chromosome pair two second- 
ary constrictions were observed. The karyotype was formulated as 2n = 10m (2sat) + 2sm + 2st 
(25ес) + 2t(1sat). The present result of karyotype analysis is very similar to that reported by Hase- 
gawa and Feng (1991) but they did not find secondary constrictions on the long arms of the seventh 
chromosome pair. 
3.6 Cimicifuga L. 
Cimicifuga is a genus of 18 species in the world (Tamura, 1995). Eight species have been 
recorded in China (Hsiao, 1979) and mostly examined cytologically (Wang et al., 1994; Yang, 
19995). Just like C. yunnanensis (Fig. 25) here examined, they are diploids with 2n = 16 with 
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Fig.31 А map showing the distribution of the polyploid series of Caltha palustris іп NW Yunnan. 


the exception of C. foetida, in which both diploid and tetraploid cytotypes have been reported 
(Yang, 19995). If putting satellites and secondary constrictions out of consideration, the karyotypes 
are very similar among the species, usually consisting of 10m, 2sm, 2st and 2t chromosomes, as is 


shown in Fig, 29. 
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3.7 Actaea L. 

Actaea is a small genus of about eight species in the world (Tamura, 1995). Two species, A. 
asiatica Hara and A. erythrocarpa Fisch. , have been recorded in China (Hsiao, 1979) and both 
cytologically examined (Wang et al. , 1994; Yang, 1998). The karyotype of this genus is different 
from those of Beesia, Anemonopsis, Souliea and Cimicifuga mainly by the absence of short arms of 
the eighth chromosome pair, as is shown in Figs. 26 and 30. The karyotype of А. asiatica reported 
by Kurita (1957), and Wang et al. (1994), and that of the North American species А. pachypo- 
da Ell. reported by Utech (1988), represent a mistake of observation. АП these authors mistook the 
eighth chromosome pair as being median-centromeric. The karyotype of A. asiatica examined here 
was formulated as 2n = 10m(6sat) + 2sm + 2st + 2T. 

4 Discussion 

4.1 Caltha palustris is found to represent a polyploid series of 2n = 32(4x) ,48 (6x) and 64 (8x) 
іп NW Yunnan (Fig.31) . The tetraploid cytotype seems to be commoner than the hexaploid and oc- 
toploid ones. Neither aneuploidy nor B chromosomes have been observed in the populations exam- 
ined. The karyotype of the tetraploid cytotype shows obvious variations among the populations and 
falls roughly into three types: the Tewo type represented by the Tieciliang population from Tewo, S 
Gansu, the Weixi type represented by the Weixi and Dali populations from NW Yunnan, and the 
Zhongdian type represented by the Napahai population of Zhongdian and the Wenhai population of 
Lijiang. In the Tewo type, the chromosomes can be quite well arranged into 8 groups of 4 homo- 
logues, and in the Weixi type the chromosomes can be roughly arranged into 8 groups of 4 homo- 
logues, though with obvious heteromorphy between the two pairs of homologues in the fifth and sev- 
enth groups, while in the Zhongdian type there are more st or t chromosomes in the karyotype, with 
obvious heteromorphy between the two pairs of homologues in the eighth chromosome group. More 
populations need be studied for a better understanding of the geographical distribution pattern of the 
three types. 

4.2 The chromosomes of Caltha, Calathodes, Megaleranthis and Trollius are basically similar in 
size among the genera, all medium-sized and belonging to the R-type. It is unacceptable that Zhang 
(1982) separated Calathodes from the tribe Trollieae to establish an independent tribe Calathodeae, 
regarding chromosomes of the genus as the Thalictrum-type ( T-type) because of their small size, 
and that Fu (1990) transferred it from the subfamily Hellebroideae to the subfamily Thalictroideae. 
In fact, the present results have shown that the chromosomes of Calathodes are somewhat larger than 
those of Trollius. Obviously, when examining the chromosomes of Calathodes oxycarpa Zhang 
(1982) may have ignored the work of Kurita (1965) on the karyotype of С. polycarpa Ohwi from 
Taiwan. Based on his karyotype analysis on С. polycarpa and six species of Trollius Kurita( 1965) 
pointed out that the karyotypes of these two genera mainly consist of st chromosomes and are so simi- 
lar in asymmetry that from a cytotaxonomical viewpoint it is unreasonable to treat Calathodes as a 
separate genus from Trollius. Their close affinity has also been strongly supported by palynological 
data (Lee, 1989, 1992; Lee & Blackmore, 1992; Xi et al., 1993). The pollen grains of both 
Calathodes and Trollius have striate ornamentation on the exine surface. In the Ranunculaceae, 
such pollen grains have been found only in these two genera and their close ally, Megaleranthis , a 
monotypie genus endemic to South Korea. Nevertheless, the present results have shown that the 
karyotype of Calathodes is different from that of Trollius by the absence of m chromosomes in the 
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chromosome complement, so these two genera is cytologically distinguishable in spite of the high 
similarity in their karyotypic asymmetry. Calathodes should be maintained as an independent genus 
in the tribe Trollieae. 

4.3 The karyotypes of Beesia, Souliea, Cimicifuga and Actaea are very similar to each other if 
putting satellites and secondary constrictions out of consideration, all consisting of five pairs of large 
m, one pair of sm, one pair of st, one pair of t or T chromosomes. The monotypic genus Anemono- 
pis endemic to Japan also has the same chromosome number and karyotype as the above four genera 
(Kurita, 1957). Tamura (1990, 1995) did not place Beesia together with Anemonopis , Souliea , 
icifuga and Actaea into the tribe Cimicifugeae but established for it a monotypic subtribe, Be- 





esiinae, in the tribe Helleboreae, and considered that Beesia may occupy a transitional position be- 
tween Caltha and the tribe Cimicifugeae. The present results have shown that cytologically Beesia is 
very distinctly distinguishable from Caltha, Calathodes , Megaleranthis and Trollius with respect to 
the chromosome size and chromosome morphology but very similar to Anemonopis , Souliea , Cimicif- 
uga and Actaea , and therefore may find its better position in the tribe Cimicifugeae. 
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ЖЕ S DEBE ЕЕЕ Trollieae AIF} HK Cimicifugeae НЕМІ TRO. RIP RE Caltha 
palustris L. Te zs APLAR К (2n = 32, 48, 64), ПИВКА? (2n = 4x = 32) RAW I, 
КЖЕ ВИ SR АЈА ЯЕ PAER Caltha IIE Calathodes , Megaleranthis VA J $3 TE JR Trollius 
f (5, et KI ESA ABI BIET PRADA RERE ARO ЖИЕ ЖЕНЕ SCREXSUT CR 9 
Megaleranthis ЖП ETE JBUt e YE BU d£ OE GR. KBR Beesia, Anemonopsis, SK =. С Souliea , JE KR 
Cimicifuga VJ BIS ЖЕЕ Actaea (RH TEAC AL PERE EAD RUE dS. БУ ЗЛ B RR Д\ К 
T, Megaleranthis V4 E43 AE ri (5 A, AIER ЖЕНЯ ЖЕДЕ Р JR ERR АО o 
Жана OER, KRSM, SK: AK, ERA; ЖӨЖ; KS 
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